Abstract-Copolymerization of butadiene and isoprene on the titanium catalyst proceeds on three types of active sites, and this correspond to the standard set of homopolymerization of isoprene. Sites responsible for the preparation of low molecular mass fractions of macromolecules are more active in the copolymerization as compared with homopolymerization of butadiene and isoprene. Change in the hydrodynamic regime in the reaction region is accompanied by an increase in the copolymerization rate due to an increase in the over all concentration of active sites but it does not affect the typical set of growth sites of macromolecules. Dis tribution curve of active sites with respect to their reactivity is shifted to the high molecular mass region with increasing average weight molecular mass with decreasing average number molecular mass when the corre sponding molecular mass distribution becomes broader.
INTRODUCTION
Heterogeneous character of the Ziegler-Natta catalytic systems under copolymerization of olefins and dienes manifests itself in the reactivity, reactivity ratios, and stereospecificity of their action [1] [2] [3] . This reasoning makes it possible to explain the distri bution of copolymers with respect to their composi tion and stereoregularity. However, the problem con cerning the reasons responsible for a broad molecular mass distribution of copolymers is still open.
For homopolymerization, broadening of molecu lar mass distribution is shown to be provided by the multicentered nature of catalytic system [4] . In this case, active sites are distributed over the probability of constraints of polymer chain growth. Studies in this area have led to the development of methods for study ing multicentered phenomenon, which is based on the solution of inverse problem of the formation of molec ular mass distribution [5] . It was found that a broad molecular mass distribution of polydienes prepared on the Ziegler-Natta catalytic systems is a conse quence of the existence from two to four types active sites, which generate polymer fractions with given molecular mass. Analysis of the distributions of growth sites of macromolecules with respect to their reactivity seems to be reasonable using the methods, which are not related to changes in the composition of the reac tion mixture, for example, by varying hydrodynamic regime in the reaction zone [6] .
The objective of this work is to study the distribu tion of active sites with respect to the probability of ter mination of a polymer chain under the copolymeriza tion of butadiene and isoprene on the TiCl 4 -Al(i C 4 H 9 ) 3 catalytic system under various hydrodynamic regimes in the reaction zone.
EXPERIMENTAL
Copolymerization of butadiene and isoprene was performed in argon atmosphere. Prior to the synthesis, butadiene was passed through the set of columns filled with aluminum oxide and potassium hydroxide, and isoprene was distilled over triisobutylaluminum. catalytic complex correspond to the maximum rate of copolymerization. Under identical initial conditions of synthesis, the protocol of mixing of initial reagents was varied. Method 1. Copolymerization was performed in a 500 cm 3 flask under constant stirring. This method models the standard protocol of dosage of reagents directly into the reaction mixture.
Method 2. Copolymerization was performed on an experimental setup described in [6] . In contrast to method 1, catalytic complex and cocktail of mono mers were intensively stirred in a tubular turbulent reactor with diffuser-confuser design for 2-3 s. Then, the reaction mixture was supplied into a 500 cm 3 flask where the conditions similar to method 1 were pro vided.
The formation of a copolymer was proved by the 13 C NMR spectra which showed the characteristic sig nals at 28-32 ppm corresponding to the joint units and butadiene and isoprene [7] . Composition of the copol ymer was estimated by the 1 H NMR spectroscopy on a Bruker AM 300 instrument. Calculations were per formed using the following equations [8]:
(1)
where [I] and [B] stand for the concentrations of iso prene and butadiene units in the copolymer (hereinaf ter, indices [I] and [B]
correspond to isoprene and butadiene); S 1.6 and S 2.0 stand for the areas of peaks at 1.6 and 2.0 ppm, respectively; these values correspond to the signals from methyl protons of isoprene units and signals from protons of CH 2 groups of butadiene and isoprene units as well as CH groups of isoprene.
Molecular mass distribution and molecular masses of copolymers were estimated by the GPC method on a Waters GPC 2000 instrument; calibration was per formed according to polystyrene standards (M w /M n = 1.1) with the correction for instrumental broadening. As the calibration equation, we used the dependence of product on the eluation volume V ex :
where M is the molecular mass, η is the characteristic viscosity. Molecular mass of polystyrene standards were recalculated for the copolymers under study through the Mark-Kuhn-Houwink equation; for 1,4 cis polybutadiene and 1,4 cis polyisoprene appears as [9] (3) For homopolymers of butadiene and isoprene, molecular mass was recalculated through the follow ing equations: 
Coefficients of Eqs. (4) and (5) are seen to be virtu ally identical, and each of them can be used for the calculation of the molecular mass of copolymers. In this work, this problem was solved through Eq. (4).
Kinetic parameters of copolymerization were cal culated through equations for homopolymerization [10] , and their validity has been proved in [3] . The first stage in the estimate of the kinetic parameters of copo lymerization includes the calculation of the initial rate of the process ,
At τ 0, this equation appears as (7) where τ is the copolymerization time (min); is the initial copolymerization rate (mol/ l min), U is the yield of copolymer (mol/l), is the initial concentra tion of monomers (mol/l), is the rate constant of the chain growth reaction under copolymerization (l/mol min); is the concentration of active copoly merization sites (mol/l); is the slope in the experimental time dependence of the yield of copoly mer.
Then, using the time dependence of average num ber degree of polymerization, the rate of chain growth reaction was calculated" ,
where P n is the average number degree of copolymer ization, is the slope of the time dependence of average number degree of polymerization.
Concentration of active sites was calculated through Eq. (7).
Copolymerization constants were calculated by the Fahnemann-Ross method and "fitted" curve [3] when conversion of monomers did not exceed 10%.
RESULTS AND DISCUSSION Estimation of copolymerization constants shows that, under copolymerization of butadiene and iso prene in the presence of the TiCl 4 -Al(i C 4 H 9 ) 3 cata lytic system, relative reactivities of comonomers are similar and equal to unity, r B = r I = 1, and this conclu sion is proved by the linear dependences between the butadiene content in the copolymer and initial mix ture of monomers (Fig. 1) . Identical reactivity of buta diene and isoprene, which is equal to unity, corre sponds to k BB = k BI and k II = k IB . However, these 
